Transdermal estradiol (TE) application (using gels, patches or a novel spray) is now a preferred route of hormone therapy (HT) in menopausal women, because various risks such as venous thromboembolism, stroke and unwanted hepatic effects can be reduced compared with oral HT. However, in the presence of an intact uterus, concurrent administration of progestogen is needed for endometrial protection. Due to the variety of progestogens available and differences in their clinical effects, the selection of the most appropriate substance and dosing for individual combination therapy can be difficult. This is especially true for TE gels and the novel spray because no fixed combination products are commercially available, meaning all progestogens must be added separately, and even for patches only two transdermal synthetic progestogens are available. The aim of this review was to summarize data on the endometrial effects of the different progestogens and to provide practical recommendations for the choice of progestogen (type and dosing), with a focus on endometrial protection when using TE, especially when using the novel estradiol (E2) spray.
Introduction
Hormone therapy (HT) is indicated for the treatment of vasomotor symptoms (VMS) and the genitourinary syndrome of menopause caused by reduced estrogen levels. HT helps prevent osteoporosis, colorectal cancer, type 2 diabetes mellitus and possibly also coronary heart disease and Alzheimer's disease if started early in the perimenopause or postmenopause ("window of opportunity"); it can also have a positive effect on quality of life [1] , [2] , [3] , [4] , [5] , [6] .
The effective component of HT for those indications and potential additional benefits is the estrogen component. In hysterecomized women estrogen-only is recommended, i.e. without the addition of a progestogen. Different types of estrogen are available [e.g. conjugated equine estrogens (CEE), synthetic conjugated estrogens, micronized 17β-estradiol (E2), E2-valerate, ethinyl estradiol (EE)] and it can be administered by various routes, such as oral, transdermal, vaginal, intrauterine and as an implant. Long-term unopposed endometrial estrogen exposure increases the risk of endometrial hyperplasia and cancer [7] , [8] , [9] , [10] , and consequently progestogens are indicated as part of systemic HT in women with an intact uterus, in order to prevent estrogeninduced endometrial hyperplasia and cancer during estrogen exposure [2] , [4] , [11] .
For several reasons in recent years transdermal estradiol (TE), applied as gels, patches or a novel spray, has been increasingly used for HT. However, progestogen has to be added orally in "free combination" with TE (with the exception of two "combi-patches"), whereas for oral HT "fixed combinations" are generally available and are used in clinical practice.
To facilitate individualized treatment using TE, this paper reviews issues relevant to progestogens used in HT, focusing on endometrial efficacy. Relevant papers, published in English or German, were identified via a literature search of the PubMed database. The following sections provide an overview of widely available progestogens, their endometrial efficacy and characteristics. Studies evaluating the use of progestogens in combination with TE preparations will be highlighted. Where possible, the focus is on studies of at least 1 year in duration (reflecting the duration recommended by the European Medicines Agency for the assessment of endometrial safety for HT treatments containing a progestogen) [12] . Practical recommendations on the use of progestogens in combination with TE replacement therapy are provided, based on the literature search and the authors' long-term clinical experience and specialization in the management of menopause.
Possible risks of HT and advantages of TE
According to the Women's Health Initiative (WHI) trial, the only large placebo-controlled trial with relevant clinical endpoints and sufficient statistical power using HT, combined HT was associated with a possible increase in the risk of breast cancer and venous thromboembolism [13] , an increased risk of stroke in women starting HT at age 60 years of older, and an increased risk of coronary heart disease in women starting HT at 70 years or older [14] (which in clinical practice is extremely rare). In contrast, in the estrogen-only arm of the WHI trial, only an increased risk of venous thromboembolism was observed, and the risk of breast cancer was found to be significantly decreased [15] . The risk of breast cancer remained decreased after 11 years of follow-up [16] , and mortality due to breast cancer remained reduced even after 18-years of follow-up [17] .
From these results it becomes clear that the choice of progestogen should take into account the tolerability and risk profile of the various substances. However, in the WHI only one preparation and only one dosage was tested [CEE 0.625 mg/day combined with medroxyprogesterone acetate (MPA) 2.5 mg/day]. In the study, 40% of the study population had severe cardiovascular risk factors (e.g. obesity, hypertension, smoking habits) and two thirds were already older than 60 years (mean 63 years) at the start of HT, and therefore it is not the population seen in general clinical practice. Recently two of the main investigators from WHI indicated that the WHI results for the total population cannot be extrapolated to young women (i.e. those starting HT below 60 years of age) but, regrettably, inappropriate interpretation of WHI results has persisted for more than 10 years [18] .
For this reason, and because interventional studies comparing different progestogens are lacking, it is essential to also consider observational data to assist with individualized selection of HT. This is particularly relevant for this review, with its aim of providing advice for the choice of progestogens to add to TE, because only observational data are available for the combination with TE.
According to a variety of observational studies (reviewed in detail elsewhere [7] , [19] , [20] , [21] ), TE formulations decrease the risk of venous thromboembolism and stroke while eliciting the same efficacy as oral estrogens in terms of climacteric and urogenital symptoms and other possible benefits described above. In addition, TE can reduce the risk of gallbladder disease, avoid the hepatic first-pass metabolism that occurs with oral estrogens, and is not associated with significant increases in the levels of triglycerides or certain hepatic proteins such as angiotensinogen (a possible advantage in hypertensive patients) or sex hormone-binding globulin (SHBG) (a possible advantage in women with sexual dysfunction) [7] , [19] , [21] .
Sequential and continuous combined HT regimens
Every type of combined HT, irrespective of whether it is administered orally or transdermally, can be performed using two main regimens -sequential-combined (i.e. first estrogen-only followed by estrogen + progestogen) or continuous-combined (i.e. daily estrogen plus progestogen. The sequential-combined regimen can be performed with or without a 1-week break from hormones, although nowadays the regimen without a break is generally recommended to avoid recurrence of climacteric symptoms during the break and other estrogenwithdrawal symptoms such as menstrual migraine. For oral HT, various "fixed combination" preparations are available for use in these regimens, and most studies have evaluated these fixed-combinations rather than "free combinations" (where separate estrogen and progestogen preparations are used). For sequential-combined HT, the progestogen phase should be at least 10 days and preferably 12-14 days per cycle to provide sufficient endometrial protection [19] , [22] . Continuous-combined regimens only should be used in postmenopausal patients (this is discussed further in the section on practical recommendations, later in the article).
When using TE as gels or as the novel spray, any progestogen must be added separately as an oral preparation. This is also true for E2-patches with two exceptions: transdermal norethisterone acetate (NETA) and transdermal levonorgestrel (LNG) are available as fixed combinations in so-called "combi-patches". However, because adhesion problems and skin irritation are common with these large patches, and also because of bleeding problems, those "combi-patches" are not often used in clinical practice, and transdermal NETA and transdermal LNG are not available in combination with other forms of TE (i.e. gels or the novel spray).
For practical use approved fixed combination preparations may have some advantages if the choice is oral HT. However, it is difficult to individualize the dosing of the hormonal components, which may be necessary, for example, in case of estrogen-or progestogen-induced side effects, or if bleeding problems occur. Alternatively, a "free combination" has great advantages for the individualization of HT, provided the patient shows good compliance with the use of two preparations, one administered transdermally (gel, patch, novel spray) and one (the progestogen component) generally administered orally (although vaginal application or the LNG-IUD are also options).
Progestogens
Progestogens approved for HT vary between countries, and individual country-specific approval criteria and restrictions should be respected. In general, all progestogens possess the biological potency to transform a proliferated endometrium (caused by estrogen) into a secretory endometrium. However, differences exist between progestogens with respect to their individual transformation dose. Dosing should primarily be aligned with the endometrium effectiveness of the progestogen as assessed in clinical studies. The dosage should not be assessed according to experimental in vitro and/or animal research, as is often described in the literature, because there can be large differences in the "progestational transformation dosage" seen in animals (mostly assessed in the rabbit model) compared to the effect seen in humans in endometrial biopsies [7] , [23] . For this reason, in the following sections (and in the tables) only studies with histological investigations performed in women are described.
Classification of progestogens
Progestogens comprise natural progesterone and synthetic progestogens (progestins), all of which exert progestational activity [11] , [23] . Progesterone is metabolized rapidly, which is the reason why oral or vaginal administration necessitates a high dosage. In contrast, progestins have structural differences that lead to slower inactivation, meaning they can be used at relatively low doses [11] , [23] . The chemical structure of a progestogen influences its hormonal activity via its ability to bind to the progesterone receptor and various other steroid receptors bearing structural similarities to the progesterone receptor, such as the androgen receptor, glucocorticoid receptor and mineralocorticoid receptor [11] , [23] , [24] . For example, progestins may exert androgenic or antiandrogenic properties, depending on their binding affinity to the androgen receptor and conformational changes that occur after binding [11] .
Orally active synthetic progestins can be classified into four main groups based on their structural relationship to progesterone, testosterone, or spironolactone ( Figure 1 ):
• progesterone derivatives 
Progesterone and progesterone derivatives Progesterone
Progesterone used as part of combination HT therapy with estrogens is administered orally or vaginally. After oral administration it undergoes extensive metabolism in the gastrointestinal tract and liver, resulting in low bioavailability (<10%) and a half-life of <1-18 h [11] , [25] , [26] . In the circulation it binds to albumin and corticosteroid-binding globulin [11] . Vaginal administration is associated with greater bioavailability, less variability in serum levels, and slower elimination compared with oral treatment, and the risk of side effects such as sedation may be lower [11] , [26] . In addition to its progestogenic effect, progesterone exhibits antiandrogenic activity and exerts an antimineralocorticoid effect, although this is relevant only at high dosages [11] .
A systematic review of the effect of micronized progesterone (MP) on the endometrium when used in HT (with any estrogen formulation) concluded that oral MP provides endometrial protection when administered sequentially at a dose of 200 mg/day for 12-14 days/month, and vaginal MP may provide adequate protection when administered sequentially at 45 mg/day for ≥10 days/month or intermittently at 100 mg/day every other day [27] . Data on endometrial effects from clinical trials that specifically evaluated MP in combination with TE and had a duration of at least 1 year are summarized in Table 1 . Overall, these studies indicate that when administered at an appropriate dose MP can provide effective endometrial protection in menopausal women receiving TE [28] , [29] , [30] , [31] , [32] , [33] , [34] , [35] , [36] , [37] , [38] . One study found histological evidence of endometrial hyperplasia in 10% of recipients of sequential vaginal MP 100 mg/day after 1 year, and a similar proportion of women taking oral MPA 10 mg/day or transdermal NETA 0.25 mg/day [38] . In general, based on practical experience, it is known that the endometrial efficacy of progesterone (especially oral application) can be lower compared with synthetic progestogens (progestins) when used at the recommended dosages of 100-200 mg/day. Because of the good tolerability of this natural progestogen (which is also known from its use in reproductive medicine), dosages up to 400 mg/day can be used in HT with good tolerability in most patients.
Progesterone derivatives
Progesterone derivatives include MPA, chlormadinone acetate (CMA), and cyproterone acetate (CPA). These derivatives have high oral bioavailability (>90%), bind to albumin in the circulation and, especially CMA and CPA, accumulate in fat tissue [11] , [24] . For this reason, CMA and CPA have longer elimination half-lives (38-80 h and 54-79 h) than MPA (24-33 h) [11] , [24] . CPA and, to a lesser extent, CMA exhibit antiandrogenic activity, whereas MPA exhibits weak androgenic properties [11] . MPA and CPA exert some glucocorticoid effects. None of these three progestins show antimineralocorticoid activity [11] .
Endometrial effects of MPA
Most studies assessing the effect of progesterone derivatives on the endometrium have involved MPA, although only a few specifically evaluated MPA in combination with TE (Table 2) . A 2-year study (n = 60) found that the incidence of endometrial hyperplasia was substantially lower among women who received TE 0.1 mg/day plus sequential MPA 10 mg/day compared with those who received TE alone (4% vs. 42%) [39] . Another 2-year study involving 100 women who received treatment with TE patches 50 μg/day found that the addition of intermittent MPA 5 mg twice weekly provided similar endometrial protection to a continuous regimen of MPA 2.5 mg/day [40] . Mean endometrial thickness remained less than 5 mm in both groups after 2 years, and the endometrium was atrophic in more than 80% of patients in both groups at baseline and also at the end of the study. Two cases of simple hyperplasia present in the continuous-regimen group at baseline changed to endometrial atrophy after 3 months; one case of simple hyperplasia developed in the intermittent-regimen group during the study [40] . Another study found that in women receiving TE (n = 60), the addition of MPA 10 mg/day for 12 days/month was more likely to result in endometrial atrophy after 1 year, whereas the addition of vaginal MP 100 mg for 12 days/month was more likely to induce a secretory endometrium [38] . Other studies evaluating the endometrial effects of MPA involved its combination with oral estrogen formulations. In the largest study (n = 596), combinations of CEE 0.625 mg/day plus continuous (2.5 mg/day) or sequential (10 mg/day for 12 days) MPA for 3 years were associated with similar rates of hyperplasia to that seen in a placebo control group; the outcome was also similar for CEE plus sequential MP [41] . Other studies showed that CEE plus continuous MPA 2.5 mg/day tended to promote an atrophic or secretory endometrium after 1-2 years treatment [42] , [43] , [44] , that MPA 5 mg/day and dydrogesterone (DYD) 20 mg/day had similar effects on endometrial cell-cycle kinetics when used in sequential HT with CEE [45] , and that the balance between apoptosis and proliferation of endometrial epithelial cells was unchanged after 1 year of continuous combined treatment with CEE plus MPA 5 mg [46] . In studies using other estrogen components, no cases of endometrial hyperplasia were found in postmenopausal women treated for 2 years with E2 valerate 1 or 2 mg/-day plus 2.5 or 5 mg/day MPA (n = 419) [47] or estrone sulfate 1.25 mg/day plus MPA 2.5, 5, or 10 mg/day (n = 568) [48] .
Endometrial effects of CMA
The endometrial effects of CMA were reported for one study (Table 3 ). In this study postmenopausal women (n = 336) received TE 1.5 mg/day, adjuvant administration of oral CMA 10 mg/day from days 10-24 of the 24-day treatment cycle was at least as effective as oral MP 200 mg/day at providing endometrial protection after 18 months [30] , [31] . There was no evidence of hyperplasia in either group after 18 months; the endometrium was atrophic in 19.5% of the CMA group vs. 27.1% of the MP group, secretory in 76.8% vs. 62.5% and proliferative in 3.7% vs. 8.3% [31] . Based on the use of CMA in combination with EE for contraceptive pills, endometrial efficacy would be expected using dosages of 2 mg/day. However, as the endometrial proliferating effects of E2 are stronger than those of EE, higher dosages may be needed. This can be recommended due to the general good tolerability of CMA up to 10 mg/day (mostly used for treatment of endometrial hyperplasia) (Mueck, unpublished data). 
Endometrial effects of CPA
No studies involving TE and CPA were identified; however, one study found that sequential CPA combined with oral E2 valerate provided adequate endometrial protection, with no hysteroscopic evaluations required following endometrial scans after 1 or 2 years of treatment [52] .
19-Norprogesterone derivatives
The bioavailability of nomegestrol acetate (NMA) is approximately 60% and the elimination half-life is 35-50 h [11] , [24] . In addition to its progestogenic effect, NMA shows some antiandrogenic activity, but no antimineralocorticoid or glucocorticoid activity [53] . In a study involving sequential combination therapy with TE gel 1.5 mg/day for 24 days per calendar month plus NMA 5 mg/day on days 11-24 each cycle, endometrial histology showed a secretory pattern in most women after 6 months, with no hyperplasia [54] . Because NMA is not available for HT in most countries, there is a lack of other studies on endometrial efficacy. However, an oral contraceptive involving a combination of NMA with 1.5 mg E2 is available, which has a similar profile in terms of efficacy, tolerability and risks compared to other combinations indicated for HT; it may be an alternative option particularly for perimenopausal patients needing contraception and HT [55] . In this combination NMA seems to elicit very strong endometrial efficacy, because in 20-30% of cases no progestogen withdrawal bleeding occurs; however, studies including endometrial biopsies are lacking.
Retroprogesterone (DYD)
DYD is a stereoisomer of progesterone. In addition to a progestogenic effect it has weak antimineralocorticoid effects, but negligible glucocorticoid activity and no androgenic/antiandrogenic effects [11] . It has a bioavailability of approximately 28% and an elimination half-life of 14-24 h [11] , [24] , [56] .
Most studies of the endometrial effects of DYD involved administration in combination with oral E2. However, one small study (n = 40) used TE (Table 3) . In this study, the effect of sequential HT with TE 50 μg/day for 3 weeks per month plus DYD 10 mg/day on days 12-24 of each cycle on endometrial thickness during the different phases of the treatment cycle was evaluated [49] . Ultrasound assessments were performed during the different phases of a single treatment cycle after a mean of 14.9 months of treatment. Mean endometrial thickness did not differ significantly between the E2 phase (6.5 mm) and E2/DYD phase (6.0 mm); both were numerically higher than the pretreatment value (3.7 mm). During the week after uterine bleeding, when no hormone was administered, mean endometrial thickness (4.1 mm) was significantly reduced compared with the hormone phases (p < 0.001), indicating that DYD was causing regular endometrial shedding [49] .
Among trials involving DYD and oral E2, four studies of 1-2 years' duration (n = 27, 151, 188 and 579) showed that sequential combinations of E2 2 mg/day plus DYD 10 or 20 mg/day for 14 days per cycle or E2 1 mg/day plus DYD 5 or 10 mg/day for 14 days provided endometrial progestational success rates of at least 97% (comprising atrophic, inactive or secretory endometrium or insufficient sample for analysis) [57] , [58] , [59] , [60] . Two patients developed simple hyperplasia [58] , [60] . Pooled analyses of four or five 6-month and 1-year studies confirmed a low rate of hyperplasia with DYD 5-20 mg therapy; among 236 women treated with sequential DYD 10 mg for more than 1 year, one patient developed simple hyperplasia (0.42%) [61] , [62] . One study (n = 446) found a low incidence of hyperplasia (0.27% at 1 year) with a low-dose continuous combined regimen comprising E2 0.5 mg/day plus DYD 2.5 mg/day [63] . DYD has also been evaluated in combination with another oral estrogen, CEE. In this study (n = 241), DYD 20 mg/day and MPA 5-10 mg/day had similar effects on cell-cycle kinetics in the menopausal endometrium when used in sequential HT [45] .
In general, DYD should be very useful for combination with TE including the novel spray because it is effective in the endometrium and has good tolerability comparable to progesterone. Thus, dosages up to 20 mg/day can be used while generally maintaining good tolerability in HT [64] .
19-Nortestosterone derivatives
Norethisterone acetate (NETA) After oral administration NETA it is rapidly hydrolyzed to norethisterone (NET), a potent progestin with weak androgenic properties and no antimineralocorticoid or glucocorticoid activity [11] , [24] . The bioavailability of NETA/NET is 40-80%, circulating NET binds to SHBG and albumin, and it has an elimination half-life of 8-9.5 h [11] , [24] .
Data on the endometrial effects of NETA in combination with TE from clinical trials with a duration of at least 1 year are summarized in Table 4 . All the studies used transdermal NETA in the combination with TE in the form of so-called "combi-patches", i.e. we did not find published data on endometrial efficacy with oral NETA in combination with TE. Overall, they indicate that transdermal NETA administered continuously at doses of 140-400 μg/day or sequentially at 170-350 μg/day provides endometrial protection during combination therapy with TE 50 μg/day [38] , [65] , [66] , [67] . Hyperplasia did not occur in any patients in three of the studies. In the fourth study (n = 406), the incidence of hyperplasia after 1 year was significantly lower in women receiving E2 plus NETA 140-400 μg/day compared with women who received E2 alone (0.8-1.1% vs. 37.9%, p < 0.001) [65] . An atrophic endometrium was common among recipients of continuous NETA regimens [66] , [67] . One study found a higher rate of marginal/weakly proliferative endometria with TE 50 μg/day plus transdermal NETA 140 μg/day (21.5%) compared with oral E2 2 mg plus oral NETA 1 mg (4.8%), and a slightly lower rate of secretory endometria (2% vs. 8.1%) [67] . At first glance the use of combi-patches seems to be a reasonable alternative to oral HT, offering the advantages of TE and applying the progestogen within the same application form. However, in practice, the combipatches are not used very frequently because of adhesion and skin tolerability problems with the large patches, very frequent bleeding problems, and the lack of possibility to change the dosages according to individual patients' needs.
Other studies of the endometrial effects of NETA involved its combination with oral estrogen preparations. Most evaluated oral E2 2 mg plus continuous or sequential oral NETA 1 mg. This regimen commonly resulted in an atrophic endometrium in samples taken after 1-3 years [72] , [73] , [74] . In a large long-term study, no cases of endometrial hyperplasia or carcinoma were seen among 534 women treated for up to 5 years; at this timepoint the endometrium was unevaluable in 23% of samples, atrophic/inactive in 46%, secretory in 26%, proliferative in 2% and pseudodecidual in 1% [74] . Another study found that the balance between apoptosis and proliferation of endometrial epithelial cells was unchanged after 1 year of continuous use of this combined treatment [46] . A study involving oral E2 1 mg plus a low dose of 0.5 mg oral NETA (n = 246) found no evidence of hyperplasia after 1 year, but the rate of irregular endometrial proliferation with this dose was higher than seen with CEE 0.625 mg plus MPA 2.5 mg (29% vs. 0%, p = 0.002) [44] . Studies evaluating oral E2 2 mg plus estriol 1 mg plus oral NETA 1 mg (continuous regimen) found a similar rate of endometrial atrophy and similar endometrial thickness to that seen with E2 valerate 2 mg plus dienogest (DNG) 2-3 mg after 1 year (n = 581) [50] , and a similar endometrial thickness to an untreated control group after 5 years (n = 54) [75] . No hyperplasia was seen in 147 specimens obtained during 2402 months of observation of women taking the combination of mestranol 12.5-50 μg/day plus sequential NETA 0.75-1.5 mg [76] .
Dienogest (DNG)
In contrast to other nortestosterone derivatives, DNG exerts an antiandrogenic effect [11] . It has no antimineralocorticoid or glucocorticoid activity. Oral DNG has high bioavailability (approximately 95%), does not bind to SHBG or corticosteroid-binding globulin in the circulation, and has a half-life of 9-12 h [11] , [24] , [77] .
The only studies evaluating the endometrial effects of DNG involved a combination with oral E2 valerate (Table 3) . After 1 year of treatment, the incidence of endometrial atrophy was similar among women (n = 581) who received E2 valerate 2 mg plus DNG 2 mg (90.8%), E2 valerate 2 mg plus DNG 3 mg (87.4%), and E2 2 mg plus estriol 1 mg plus NETA 1 mg (87.5%), and no endometrial hyperplasia occurred in any group [50] . In a study of 48 weeks' treatment with E2 valerate 2 mg plus DNG 2 mg (n = 1501), endometrial thickness remained largely unchanged and the rate of serious endometrial findings was similar to that seen in untreated women [51] . No studies combining DNG with TE have been published. Although DNG is available as a mono-substance in most countries, it is indicated only for the treatment of endometriosis. If used "off label" in HT, strong endometrial efficacy can be expected with relatively low dosages.
Levonorgestrel (LNG)
LNG is a potent progestin that exhibits some androgenic activity but no glucocorticoid or antimineralocorticoid activity [11] . After oral administration the bioavailability of LNG is 90-99%. It binds to SHBG and albumin in the circulation and has an elimination half-life of 10-24 h [11] , [24] . LNG is often administered via an intrauterine device (IUD) for menopausal HT, with the standard IUD releasing LNG 20 μg/day initially [78] . LNG released from the IUD system accumulates in the endometrium and myometrium.
In most studies involving LNG it was administered via an IUD (20 μg/day) ( Table 5) . These trials, which had durations of 1-10 years, found no clinically significant changes in endometrial thickness, with endometrial atrophy the most common histological picture, and no evidence of hyperplasia [34] , [73] , [79] , [80] . Studies using LNG-IUD in combination with either transdermal, subdermal or oral E2 support the strong endometrial suppressive effects of LNG and found no evidence of endometrial hyperplasia after 12-22 months [81] , [82] , [83] . The LNG-IUD also provided effective endometrial protection when used in conjunction with oral E2 valerate 2 mg, inducing endometrial atrophy in most women at the standard dose of 20 μg/day (55/55) and a lower dose of 10 μg/day (46/47), with no endometrial hyperplasia evident after 1 year [78] . Several studies have evaluated the endometrial effects of LNG administered in combination with TE in the form of "combi-patches" for a minimum of 1 year (Table 5 ). Studies using transdermal LNG at doses of 10-40 μg/day in combination with TE (45-50 μg/day) as combi-patches found no change in endometrial thickness after 1-2 years [68] , [84] or endometrial carcinoma after 2 years [68] . Most studies found no evidence of endometrial hyperplasia after 1-2 years [68] , [69] ; one study reported two cases of hyperplasia among patients receiving E2 and LNG at higher than standard doses [70] . As already described above for the "combi-patches" releasing NETA and E2, these patches are not widely used, because of skin and bleeding problems and difficulties with changing the dosages according to individual patients' needs.
Spirolactone derivative (DRSP)
Drospirenone (DRSP) is a derivative of 17α-spirolactone, with a chemical structure similar to spironolactone. It exerts comparatively low progestogenic activity in the endometrium (10% of that of LNG), has some antiandrogenic activity, and exhibits a strong antimineralocorticoid effect [11] . The oral bioavailability of DRSP is 76-85%, it binds to albumin in the circulation, and has a half-life of approximately 27 h [11] .
The only reports on the endometrial effects with DRSP involved its combination with oral E2; in some countries a fixed combination of 1 mg micronized E2 and 2 mg DRSP is available. In a 13-month study of this combination involving 1142 women, the probability of endometrial hyperplasia was 0.007 compared with 0.06 (95% confidence interval 0.043-0.078) with E2 monotherapy (based on incidences of 0.5% and 4%, respectively); nonsignificant differences were seen with DRSP doses of 0.5, 1 and 3 mg [71] . A study using a low-dose combination of E2 0.5 mg/day plus DRSP 0.25 mg/day (to our knowledge not available in any country to date) and comparing it with E2 1 mg plus NETA 0.5 mg (n = 662) found that no women in either group had a biopsy result of 'hyperplasia or worse' after 1 year [85] .
These studies indicate that effective endometrial protection could be provided with the use of DRSP. However, to our knowledge, DRSP is not available for use in "free combination" in HT (which would be necessary for combination with TE), so this progestogen is not listed in the Table 1-Table 6 . [25] , [26] . In the circulation it binds to albumin and corticosteroid-binding globulin [11] .
Vaginal progesterone has greater bioavailability, less variable serum levels, and slower elimination compared with oral treatment. Thus, the risk of side effects may be lower [11] , [26] . In addition to its progestogenic effect, progesterone exhibits antiandrogenic activity and exerts an antimineralocorticoid effect, although this is relevant only at high dosages Progesterone derivatives include medroxyprogesterone acetate (MPA), chlormadinone acetate (CMA), and cyproterone acetate (CPA). These derivatives have high oral bioavailability (>90%), bind to albumin in the circulation and, especially CMA and CPA, accumulate in fat tissue [11] , [24] . For this reason, CMA and CPA have longer elimination half-lives (38-80 h and 54-79 h) than MPA (24-33 h) [11] , [24] . CPA and, to a lesser extent, CMA exhibit antiandrogenic activity, whereas MPA exhibits weak androgenic properties [11] . MPA and CPA exert some glucocorticoid effects. None of these three progestins show antimineralocorticoid activity [ [24] . LNG is a potent progestin that exhibits some androgenic activity but no glucocorticoid or antimineralocorticoid activity [11] . LNG is often administered via an intrauterine device (IUD) for menopausal HT, with the standard IUD releasing LNG 20 μg/day initially [78] . LNG released from the IUD system accumulates in the endometrium and myometrium
All progestogens listed are administered orally in combination with the estradiol spray, with the exception of those combinations involving the LNG-IUD and vaginal progesterone.
Novel TE (E2) spray
TE is effective and can offer some advantages over oral administration as described earlier. However, TE applied using patches can be associated with skin irritation, poor adhesion and variable systemic absorption [87] , while topical emulsions and various gels registered for menopausal treatment can be associated with skin-to-skin transfer of E2 to other people [88] . In contrast, a novel TE spray causes minimal skin irritation, and no significant transfer of E2 occurs through skin-to-skin contact [89] , [90] . As can be seen from the data on endometrial effects described in Table 1-Table 5 , in terms of TE, only studies using patches or gels have been reported; to date no studies have tested the endometrial efficacy of different progestogens in combination with the TE spray. However, because the spray can offer some advantages compared with patches or gels and provides an additional option for individualized therapy, physicians may ask if available data on the endometrial efficacy of progestogens when used in combination with TE patches and gels can be extrapolated to the spray. To answer this question, the pharmacology of the novel spray can be summarized as follows.
Phase III study data showed a significant reduction in the frequency of hot flushes in postmenopausal women using one, two, or three sprays of TE spray (1.53 mg/spray) compared to placebo spray, with the reduction evident from 4 weeks onwards [89] . All three dosages were also effective at reducing severity scores. After 12 weeks, systemic E2 delivery rates were approximately 0.021 mg/day, 0.029 mg/day, and 0.040 mg/day with the one, two and three spray doses, respectively [90] . Serum concentrations of E2 and its metabolites estrone and estrone sulfate reached steady state by day 7 or 8 of treatment [91] . Thus, the spray largely shows comparable pharmacology to gels or patches in terms of its efficacy and pharmacokinetic profile. It seems reasonable that data on the endometrial efficacy of the different progestogens (described above and/or in Table 1-Table 5) can be extrapolated to use in combination with the novel TE spray.
The TE spray is indicated for HT of menopausal VMS (hot flushes) using a once-daily continuous regimen [92] . It is advisable to initiate therapy at a low dose (one spray), which is generally an effective dose. However, there are still some open questions about the dose-efficacy relationship using two-or three-spray dosages, because in some patients the maximum efficacy is already reached with two sprays. A possible explanation is that, depending on their skin properties, a high E2 depot can be achieved in some patients with two sprays due to the excellent galenic properties of the spray. This should be considered in the context of practical recommendations, i.e. the progestogen dosage should be not too low when it is added to dosages of two to three sprays. Table 6 summarizes the practical recommendations of the authors of this review according to our own practice and considering the different pharmacology and tolerability of the progestogens.
Practical recommendations for the use of progestogens with transdermal estrogen replacement therapy
Based on the available data and our long-term clinical experience with treating menopausal women, we offer some recommendations for the use of progestogens in combination with transdermal estrogen therapy in menopausal women with an intact uterus. Current national and international guidelines on the use of HT should be consulted, as should the summary of product characteristics for the different progestogens. The dose and duration of add-on progestogen therapy depends on the estrogen dose being administered. In addition, the metabolic and tolerability profiles of the available progestogens should be considered, and any patient-specific needs should be addressed (e.g. desire for an antiandrogenic effect). In general progesterone and progestogens derived from progesterone are more broadly tolerable compared to other progestins. This is why in the practical recommendations rather large dosages are recommended, especially if higher estrogen dosages are used.
Estrogen should be administered continuously, with progestogen added sequentially for at least 12 (and preferably 14) days per cycle, or continuously (every day), with the latter generally involving a lower dose of the progestogen component. Continuous combined HT should only be used in postmenopausal women; it can cause markedly irregular bleeding in perimenopausal women. Sequential HT in the perimenopause should use a comparatively low estrogen dose and higher progestogen dose because in most patients there is still a very large amount of ovarian E2 production but less or even no progesterone production. With this dosing (i.e. higher relationship of progestogen compared to estrogen dosage), regular progestogen withdrawal bleedings will occur in most cases, which may be especially important for patients who have started HT and have had irregular bleeding due to their perimenopausal stage. If irregular bleeding and/or spotting (which sometimes occurs besides the regular progestogen withdrawal bleedings) are still observed, increasing the estrogen dose is recommended; this can "stabilize" the endometrium and thus avoid breakthrough bleedings.
Sequential therapy on a monthly basis, can also be used in postmenopausal patients, who will mostly continue to have regular progestogen withdrawal bleeds through to an older age (sometimes up to around the age of 60 years). If withdrawal bleedings no longer occur or are becoming weak and/or short-term, a change to continuous-combined HT is recommended, with the aim of achieving amenorrhea at the latest after 4-6 months.
Sequential interval therapy (i.e. progestogen administered at intervals of >1 month) should only be used in exceptional cases (e.g. to reduce the risk of breast cancer in selected patients). In this scenario, a higher progestogen dose should be used (usually double that used with monthly sequential therapy), and frequent ultrasound evaluations of the endometrium should be performed (at least 3-monthly).
Patients at increased risk of endometrial hyperplasia or carcinoma (e.g. due to obesity, anamnestic endometrial hyperplasia, or recurrent bleeding disorders), should generally receive higher recommended progestogen doses.
Appropriate dosing regimens for combination therapy with the novel TE spray plus progestogens are provided in Table 6 [86] .
Expert opinion
This review is intended to facilitate the selection of appropriate HT in menopausal women by summarizing the available data on the endometrial effects of progestogens and suggesting dosing regimens for combination therapy using TE as gels, patches or as the novel spray. In contrast to oral combined HT no fixed combinations involving transdermal estrogen are available, except for two combi-patches. So, in women with a uterus the progestogen must be added separately in "free combination", for which (with the exception of vaginal progesterone and the LNG-IUD) only oral progestogens are available. The endometrial effects differ considerably between the various progestogens. The progestogen dosages necessary for secretory transformation during sequential-combined use as well for achieving and/or maintaining endometrial atrophy during continuouscombined use are dependent on the dosage of estrogen. Furthermore, the dosages needed for optimal HT may vary greatly between patients. For this reason, progestogens used in "free combination" with TE can facilitate individualization of treatment, and thus optimize HT.
The novel E2 spray may offer some advantages over other TE preparations; however, to date endometrial efficacy studies using the spray are lacking. Therefore, recommendations for the type and dosage of progestogen to use in combination with the spray have been derived from data obtained using patches and gels, while taking into consideration the unique pharmacology of the spray and our own experience in clinical practice.
Our "Expert Opinion" may also include a proposal for the best choice of the progestogen type, not only recommendation of the dosages as listed in Table 6 . It is our view that in general the more physiological progestogens may be the best first choice, i.e. the natural progesterone or its retro-isomer DYD, not only for reasons derived from an endocrinological point of view but considering their neutral effects in the cardiovascular and metabolic system and the fact that several observational studies as well as experimental research did not find an increased risk of breast cancer up to 8 years of use in hormone replacement therapy. Although progestogen primarily should be added to estrogen to protect the endometrium (in hysterectomized women estrogen-only can be used), main issue for the choice of the progestogen for HT in menopausal women may be the view on the breast cancer risk -patients and doctors mostly fear this risk using hormones. For this reason, this topic has been reviewed by Ruan and Mueck within this journal separately, including a review of extensive own research in terms of breast cancer risk and hormones [93] .
Outlook
In future, studies that assess endometrial efficacy when using this novel TE spray combined with different progestogens are needed, to confirm the practical recommendations given within this review.
Highlights
• TE application (gels, patches or a novel spray) is now a preferred route of HT in menopausal women.
• In the presence of an intact uterus, concurrent administration of progestogen is needed for endometrial protection. Selection of the most appropriate progestogen and dosing for individual combination therapy can be difficult, particularly as few fixed combination products are available.
• Progestogen dosing should be aligned with the endometrium effectiveness of the progestogen as assessed in clinical studies including endometrial biopsies.
• The progestogen dose needed for optimal HT can vary greatly between patients.
• Progestogens used in "free combination" with TE (rather than fixed combination products) can facilitate individualization of treatment, and thus optimize HT.
• Practical recommendations are provided for the use of progestogens with transdermal estrogen replacement therapy and specifically with a novel E2 spray.
• Endometrial efficacy studies specifically using the TE spray combined with different progestogens would be of interest.
